The Sn 1-x Ca x Se film stoichiometry, and in particular the Sn:Ca ratio in Sn 1-x Ca x Se, is nominally controlled by the relative number of pulses directed at each target. To establish that the pulse count accurately reflects the actual film stoichiometry, several films, deposited between 220˚C and 320˚C, have been analyzed by wavelength-dispersive electron probe microanalysis (EPMA) in a CAMECA SX100 system. The EPMA beam size is about 10 µm and the composition resolution is approximately 0.1 atomic %. Fig.  S1 shows that the cation stoichiometry on the 10-µm length scale in the Sn 1-x Ca x Se films is consistent with that expected from the pulse ratio at all deposition temperatures. We find very slightly more Ca in the film than expected from the pulse ratio, suggesting that CaSe has a higher sticking coefficient or is less likely to be scattered out of the plume than SnSe. The deviation Δx ≈ 0.03 is too small to be of concern for this study, and all x values quoted in this paper are derived from the pulse count. EPMA also shows that the films are on average stoichiometric with a Se/(Sn+Ca+Se) ratio of 0.50 ± 0.03 for unoxidized films. The oxygen concentration in the films is at the limit of detection by EPMA. Occasionally, a film might exhibit an anomalously high oxygen concentration of about 40 atomic %. We exclude such films from this analysis. The films are also characterized on the nanometer scale by x-ray energy dispersive spectroscopy (EDS) as discussed in the text. The stoichiometry measured by both methods gives the same results within the limitations of the measuring systems.
Film texture:
SnSe films grown at 370, 440, and 500 o C are measured in the θ-2θ configuration to investigate the effect of substrate deposition temperature on texture. Fig. S2 shows that the orientation is strong and increases at the higher temperatures, greatly 00ℓ   enhancing the (002) and (006) reflections which are normally very weak. The peak near 2θ = 30 o is composed of an overlap of the broadened (111) and the (004) peaks. Since these reflections are not well resolved, they cannot easily be used to determine lattice parameters, and in particular, cannot be used to track peak shift due to alloying. 
Impurity phases:
SnSe 2 is a common competing phase in SnSe growth [1, 2] . One signature of SnSe 2 is the strong (0001) XRD reflection at 2θ =14.4 o . The OR SnSe (002) reflection appears at 2θ =15.3 o . Fig. S4 shows simulated and experimental XRD patterns of Sn 1-x Ca x Se alloys in the orthorhombic (OR) composition space. These two peaks are quite distinct at x = 0, with Δ2θ ≈ 0.9 o . The shift of the SnSe (002) reflection to smaller 2θ with increasing x in the simulation (weakly observed in the experiment) does not cause an overlap with the SnSe 2 peak position. 
Electron Diffraction:
The composition analysis and STEM image of the film discussed in Fig. 6 of the main text suggests spinodal decomposition has occurred. We expect the film to exhibit a cubic diffraction pattern and a fluctuating cation composition about an average of x = 0.2 in this case. The average composition and fluctuations are as expected, but XRD, which averages over the entire film, indicates that there are both cubic and orthorhombic phases present on the mm-scale, which means that binodal decomposition has occurred in some parts of the film. We therefore perform electron diffraction on the region of the film that exhibits the spinodal decomposition features to determine the structure in that particular region. A nano-probe configuration is chosen over a selected area configuration to gain a narrow beam for diffraction. The nano-probe configuration allows accurate placement of the beam to avoid the substrate and protective layers. Fig. S5 shows the diffraction for the sample shown in Fig. 6 in the text along the cubic [123] axis. Other patterns from several positions on the film along the sample are similarly consistent with the cubic structure. Fits to the orthorhombic structure are consistently poor. We conclude that the electron diffraction images support the interpretation of spinodal decomposition in this sample. 
Optical transmission and reflection:
The experimental band gaps in 
